Pus from 46 patients with abscesses of the central nervous system (CNS) 
Introduction
There have been many reports on the surgery and treatment of brain abscess. Some have included bacteriological findings, but, with few exceptions,1 2 laboratory procedures have not been described. McFarlan' seems to be the only author to have written solely on the bacteriology of brain abscess. Reasoned use of antibiotics depends on knowledge of the causative microbes, but abscesses of the central nervous system (CNS) with negative cultures have been reported in 9-63", of published cases. The reasons for so high an incidence of negative culture are not clear.
We describe here a prospective study designed to establish the microbial causes of abscesses of the CNS and to seek methods of improving the yield from culture.
Methods

ORGANISATION OF THE STUDY
Surgeons and microbiologists at several English neurosurgical centres joined in a prospective study. The results obtained by the examining laboratory (Queen Charlotte's Hospital for Women) were forwarded to consultant microbiologists as well as to the appropriate surgeons.
Participating centres were issued with specimen collection kits designed to maintain samples at 4 C during transit. Pus from 46 patients was taken directly at operation and was sent to the examining laboratory by express road or rail services. It was transported in Brewer's thioglycollate medium with added 3-lactamase (Whatman), and in plain sterile universal containers and was accompanied by a form identifying the patient and giving details of current and projected antibiotic treatment. Successive specimens of pus were examined from patients whose abscesses had to be aspirated more than once. No specimen was in transit more than 16 hours, and most were received within five hours. On completion of the study summaries of the clinical notes were forwarded for analysis to the examining laboratory.
BACTERIOLOGICAL INVESTIGATIONS
Examination of specimens-Pus was examined as soon as it was received, and details of the Gram-stained appearance and subsequent microbial findings were telephoned to the surgeon in charge. The pus was inoculated on to plates of 6 horse blood agar incubated aerobically and anaerobically with added carbon dioxide; to Antibiotic sensitivity tests carried out on the 66 isolates showed that 25 of them (from 23 of the 46 patients) were resistant to penicillin. Most patients were receiving multiple antibiotic treatment and the infecting organism was sensitive to one of the other antibiotics being used. In five cases, however, the patients received antibiotics that were inappropriate for treating their infecting organisms as judged by invitro sensitivity testing using antibiotic discs of standard concentration. Four of these, who were treated initially only with penicillin, were found to be infected with strains of Staph aureius that were resistant to the drug. In the fifth case Klebsiella aerogenes was isolated from the repeated aspiration of a patient treated with penicillin for an abscess from which Str mi/ller and fusobacteria had been isolated. These organisms were not isolated from the second specimen and treatment was therefore changed to gentamicin. Four weeks later Str millern was again isolated from the abscess.
No allowance was made, in determining antibiotic sensitivity, for high concentrations of drugs following direct instillation into an abscess cavity. Results on the penetration of antimicrobial drugs into intracranial pus will be reported elsewhere. There was no correlation between mortality and excision of the abscess, encapsulation, or multiplicity of abscesses. Survival time varied greatly. Six patients died within three weeks of operation and the remaining three survived for 10 weeks to six months.
Discussion
It has been reported that 9-631,, of primary pus samples from abscesses of the CNS are sterile.2 1i 15 Some commentators have suggested that this is due to antecedent antimicrobial treatment. 13 14 Irrespective of treatment, however, we have found that pus from brain abscess is not sterile, provided that exacting During the pre-antibiotic and early antibiotic era, Staph aureus was the most common single isolate. Str pneumoniae was often found, usually in abscesses complicating pneumococcal meningitis. 16 McFarlan' found that other streptococci constituted 29 of the 62 isolates found in 21 out of 48 patients. He considered it unjustifiable to group the several species present together, and he regarded the statement that streptococci are the commonest organisms in brain abscess as misleading. The taxonomical criteria available to us-were not available to McFarlan, and he did not investigate the streptococci by Lancefield grouping.
Our observation that streptococci of defined species, Lancefield group, and serological subtype (Str mui/llern, Lancefield group F, Ottens and Winkler type 0 III) predominate in brain abscesses invites an epidemiological study of the source and pathogenesis of the disease. The habitat of Str mu/illern has not yet been fully explored, although the organism occurs in the mouth flora.' It has also been isolated from abdominal abscesses'9 and purulent lesions elsewhere.'9 We have shown experimentally that Str milleri shows a well-defined affinity for the CNS of young mice, though its affinity is less than that of Str agalactiae (Lancefield group B) . The species specificity of types and subtypes of streptococci is already well attested.2'
Early workers did not always perform anaerobic culture, and when they did they made no special arrangements for rapidly transporting specimens to the examining laboratory under anaerobic conditions. Heineman and Braude2 emphasised the importance of anaerobic culture, stressing that prompt inoculation of cultures was essential. They isolated anaerobic bacteria from 14 out of 18 patients, commenting that they believed them to be the causal agents in most cases of brain abscess. Our findings indicate that this is not so. The microbes isolated depend on the site of the abscess, which itself depends on the predisposing cause. Gram-negative non-sporing anaerobes can be expected in temporal lobe or other otogenous abscesses, where they often occur in mixed cultures. When only patients with similar antecedent histories are considered the isolation rates for non-sporing anaerobic bacteria reported by Heineman and Braude are very similar to those reported by us and by other workers. 22
Although our isolates of Srtnmilleri were sensitive to penicillin (MIC -0 05 ug ml), table IV shows that half the patients were infected with microbes, often in mixed culture, that were resistant to moderate doses of the drug. This is an important finding, for penicillin has been regarded as the drug of choice in the treatment of brain abscesses.' Penicillin used alone is unlikely to succeed in the treatment of otogencus abscess, where mixed infection with penicillin-resistant bacteria is usual, or in abscesses after injury, where staphylococci predominate. In these circumstances other drugs should be used.
Except in highly selected series of patients the mortality from abscesses of the CNS is high, ranging from 23 to 45K",5 and rising mortality rates have been reported.'4 25 Garfield23 believed that inadequate or inappropriate use of antibiotics contributed to the 40,, mortality rate in the 200 cases he studied.
In our study of 35 unselected cases of brain abscess the mortality rate was 20,, overall and 14,, among treated cases. These figures are considerably lower than those reported by other workers and further work is being undertaken to determine whether the factors affecting mortality can be more clearly resolved.
